Abstract
Background
In temperate-breeding birds, individuals must be able to adapt to the annual cycle of changing environmental conditions by adjusting morphology, physiology and behavior (Wingfield 2008) . Phenotypic flexibility, which means an individual switches its phenotype (e.g. morphological, physiological, and behavioral traits) from one life-history stage to another, is a critical way to maximize ecological fitness (Piersma and Drent 2003; Wingfield 2008) .
Alkaline phosphatase (ALP) is an isozyme family in various tissues particularly concentrated in the liver, kidney, bone, and placenta (Iqbal 2011) . ALP is a hydrolase enzyme responsible for the dephosphorylation from nucleotides, proteins, alkaloids etc., therefore, it plays critical roles in regulating the metabolism of energy and minerals (Lallès 2014) . Previous studies have shown that plasma ALP activity is associated with bone growth and can be a sensitive indicator of skeletal development in
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Avian Research (Villegas et al. 2002) , Pigeon Guillemot (Cepphus columba) (Seiser et al. 2000) , White Stork (Ciconia ciconia) (Smits et al. 2007) , and Great Tit (Parus major) (Tilgar et al. 2004 (Tilgar et al. , 2008 . Furthermore, evidences have shown that plasma ALP activity is positively correlated with nutritional status, and can vary rapidly in response to the availability of food (Viñuela and Ferrer 1997; Villegas et al. 2002) .
The energy reserves and nutritional state of individuals in free-living birds can be reflected by body condition, including body mass and size-corrected mass (SCM; Bryant 1988; Jakob et al. 1996; Merila and Wiggins 1997; Zhao et al. 2017) . Hematocrit (Hct), the volume of red blood cells within the total volume of blood, is used as an estimate of the extent and efficiency of oxygen-carrying capacity of individuals (Fair et al. 2007; Pap et al. 2015) . Generally, a low Hct is generally associated with poor nutritional state (Richner et al. 1993; Fair et al. 2007 ). In birds, Hct has been commonly used as body condition index, and also regarded as an indicator of individual quality and fitness (Fair et al. 2007; Williams 2012; Zhao et al. 2017) . Furthermore, body mass, SCM, and Hct all vary with life-history stage (Stearns 1989; WojczulanisJakubas et al. 2015; Krause et al. 2016; Zhao et al. 2017) , which is associated with plasma ALP activities (Villegas et al. 2002) .
Recently, assessment of body condition and nutritional status has become more common in ecological studies as an approach to understanding the individual variations and life history trade-offs (Cam et al. 2016; Crates et al. 2016) . In view of plasma ALP activity being considered as a physiological indicator, it may have useful applications in the assessment of the individual variability and physiological state from different life-history stages. The information of life-history dependent relationship between plasma ALP activity and body condition, is critical to understanding how free-living animals fine-tune the trade-off between reproduction and survival so as to optimize their chances of survival during nonbreeding stage, and successful reproduction during breeding stage (Stearns 1989; Cox et al. 2010) . However, little information is available on the link between plasma ALP activity and body condition.
The Eurasian Tree Sparrow (Passer montanus) is a seasonally breeding species that is widely distributed across the Eurasian continent. Previous studies have demonstrated that the body mass or body condition of Eurasian Tree Sparrows vary with life-history stage (Li et al. 2008 (Li et al. , 2011 (Li et al. , 2012 Zheng et al. 2014 ) and living environment (Zhang et al. 2011; Sun et al. 2016 Sun et al. , 2017 . Furthermore, male sparrows during the early breeding stage had significantly greater Hct values compared to those from the early wintering stage, whereas there were no significant differences in SCM between the two life-history stages (Zhao et al. 2017) . In the present study, we further determined the changes of plasma ALP levels in both the breeding and the wintering stages, and examined the relationships between ALP and SCM, and Hct in the same experimental animals (Zhao et al. 2017 ).
Methods

Experimental protocol and sample collection
Free-living Eurasian Tree Sparrows (Passer montanus) were captured opportunistically by mist nets in October 24, 2015 (the early wintering stage) and April 28, 2016 (the early breeding stage), on the campus of Hebei Normal University, Hebei Province, China (38°01.83′N, 114°31.50′E, elevation: 75 m). The birds were sexed by polymerase chain reaction following the procedures described in Round et al. (2007) since the Eurasian Tree Sparrow is sexually monomorphic. Subsequent measurements of body condition and plasma ALP activities were performed on male birds only.
Each individual was caged (50 cm × 34 cm × 33 cm) at an ambient temperature of 20 °C, and provided with food and water ad libitum. Birds sampled in the wintering stage were kept under a stimulated natural photoperiod (10L/14D; n = 27), whereas those sampled in the breeding stage were kept under a stimulated natural photoperiod (14L/10D; n = 26). Birds were acclimated under these conditions for 12-14 days.
After acclimation, approximately 80 μL blood were collected by piercing the alar vein with a 26-gauge needle and collecting blood into heparinized microhematocrit capillary tubes. Blood samples were stored on ice before being centrifuged at 855g for 10 min. Hct was measured as described in Zhao et al. (2017) . Fresh plasma was split into several fractions and stores at −80 °C, and one of fractions was used for ALP assay.
Each bird was weighed to the nearest 0.1 g, and its wing length was measured to the nearest 1 mm. The SCM was calculated and reported in Zhao et al. (2017) . After sampling, the birds were used for other experiments. All protocols were approved by the Institutional Animal Care and Use Committee (HEBTU2013-7), and the Ethics and Animal Welfare Committee (No. 2013-6) of Hebei Normal University, China, and were carried out under scientific collecting permits issued by the Departments of Wildlife Conservation (Forestry Bureau) of Hebei Province, China.
Assays of plasma ALP activity
Plasma ALP activities were measured by an automatic biochemical analyzer (Mindray BS-180) with commercially available kits (Mindray Corp., Shenzhen, China) after the plasma was diluted with dH 2 O (1:39). All samples were run in duplicate. The intra-and inter-assay variations were 6.9 and 9.4%, respectively.
Statistical analyses
We ran Shapiro-Wilk normality test to examine the normal distributions of body mass, SCM, Hct, and ALP activity. All the variables met the normal distribution. The statistical significance of differences in body mass and plasma ALP activity between the breeding and the wintering stages were determined by Welch's t-tests (the data of SCM and Hct have been reported in Zhao et al. 2017 ). We ran a multiple regression analysis (MRA) using the glm function to obtain optimal models of plasma alkaline phosphatase (ALP) activity against life-history stage and mass, SCM, or Hct and their interactions in Program R v. 3.3.2. (R Core Team 2016) . The homogeneity of variances was tested with three outliers removed before conducting statistical tests. All analyses were performed and all figures generated, using car, MASS, and ggplot2 packages in Program R v. 3.3.2. The data are shown as mean ± SD.
Results
Comparison of body mass and ALP activity between the wintering and the breeding stages
There were no significant differences in body mass of male Eurasian Tree Sparrows between the breeding (18.88 ± 0.19 g) and the wintering stages (19.36 ± 0.23 g; t 1,57 = 1.59, p = 0.118), whereas the birds in the breeding stage had significantly lower ALP activities (442.9 ± 9.9 U/L) than those in the wintering stage (593.4 ± 18.0 U/L; t 1,51 = 7.2, p < 0.001).
Correlations between ALP activity and body mass, SCM, or Hct
ALP activity was not correlated with individual body mass in both stages. However, ALP activity was positively correlated with individual SCM and Hct (Table 1) . There were significant effects of the interaction 'season × SCM' and 'season × Hct' , respectively (Table 1) . Specifically, we found a positive relationship between ALP and SCM, or Hct in the wintering, but no significant relationships in the breeding stages (statistical results are shown in Fig. 1 ).
Discussion
Seasonal differences in body mass and ALP activity
Body mass in birds is often affected by food availability and therefore it can reflect the amount of stored energy (Merila and Wiggins 1997; Cuthill et al. 2000) . Loss of body mass is thought to reflect the mobilization of energy stores via protein catabolism during periods of increased energetic expenditure (Bryant 1988; Merila and Wiggins 1997) . However, the absence of significant differences in body mass and SCM (reported in Zhao et al. 2017 ) of male Eurasian Tree Sparrows between the breeding and the wintering stages suggests that the energetic requirements might be constant in the two life-history stages.
The mean ALP activities in male Eurasian Tree Sparrows lay within the previously documented ranges in European Starlings (Sturnus vulgaris) but are higher than the values in Red-winged Blackbirds (Agelaius phoeniceus), Northern Bobwhites (Colinus virginianus, and Common Grackles (Quiscalus quiscula) (Hill and Murray 1987) and Black Vulture (Villegas et al. 2002) . We found male Eurasian Tree Sparrows during the breeding stage had significantly decreased ALP activities compared to those in the wintering stage. Our results are in line with previous findings in captive Northern Bobwhites, Redwinged Blackbirds, Common Grackles but European Starlings (Hill and Murray 1987) . Given that ALP activity could be affected by food availability or energetic condition, whether such seasonal differences are associated with life-history trade-offs of resources allocation warrants to be further determined.
Life-history dependent relationships between plasma ALP activity and body condition
The plasma ALP activities in male Eurasian Tree Sparrows were positively correlated with SCM and Hct during the wintering stage. Our results are in accordance with a positive relationship between ALP activity and condition index in Black Vulture nestlings (Villegas et al. 2002) , and between ALP activity and nutritional status in rats (Martins et al. 1998) .
Given that SCM and Hct are defined as the status of metabolic reserves (Newton 1993; Fair et al. 2007 ) and plasma ALP activity is involved in regulating energetic metabolism (Lallès 2014), the positive relationships between plasma ALP activity and SCM, or Hct may provide reliable evidences for direct link of morphological indices and hematologic parameters. Our results suggest that the plasma ALP activity can be used as an indicator of the physiological state for analyzing phenotypic flexibility and individual variation related to body condition or nutritional status of free-living animals in the wintering stage. Whether individuals with better body condition and higher ALP activities have increased fitness requires further investigation.
However, in the breeding stage, plasma ALP activities of male Eurasian Tree Sparrows were neither correlated with SCM nor Hct. Breeding is considered as an energetically expensive activity that requires high levels of oxygen delivery to active tissues (Williams 1966) , which can be reflected by elevated Hct in this period relative to nonbreeding stage, e.g. in male Eurasian Tree Sparrow (Zhao et al. 2017) , and White-crowned Sparrow (Zonotrichia leucophrys) (Krause et al. 2016) . Compared to the nonbreeding stage, male Eurasian Tree Sparrows in breeding stage require sufficient energy and nutrients to meet the demands of maintaining reproduction-related physiological and behavioral activities, e.g. exhibiting peak T levels, competing for territories, building nests, etc.
( García-Navas et al. 2008; Li et al. 2012) . In the present study, our results indicate that individuals with greater value of SCM and Hct do not necessarily have higher plasma ALP activities in breeding stage.
Therefore, we found the relationships between plasma ALP activity and SCM, or Hct varied with life-history stage, which is consistent with the relationships between plasma immunological indices and SCM, or Hct in male Eurasian Tree Sparrows (Zhao et al. 2017 ). Whether such life-history dependent relationships between hematologic parameters and body condition can reflect a strategy of a shift in energy allocation from self-maintenances to reproduction in free-living birds during the breeding stage, i.e. trade-off between individual survival and reproduction, remains to be further investigated.
Conclusions
In summary, male Eurasian Tree Sparrows exhibited elevated plasma ALP activity but lower Hct values during the wintering compared to the breeding stages. The positive correlations between plasma ALP activities and individual SCM or Hct occurred in the wintering but not in the breeding stages, which suggests that plasma ALP activities can be used as one of the indicators of body condition or nutritional status in free-living birds for analyzing individual variation in nonbreeding stage. Such life-history dependent relationships between plasma ALP activity and body condition may contribute to our better understanding of the trade-off between individual survival and reproduction in free-living animals. 
